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Objective: to determine the degree of interobserver variation of color-flow duplex scanning of infrainguinal arterial bypass
grafts.
Methods: two experienced vascular technologists randomly assessed bypass grafts in 32 consecutive patients, using a
color-flow duplex scan. In pre-defined segments the highest peak systolic velocity (PSVmax) and end-diastolic velocity
(EDV) were measured and a peak systolic velocity ratio (PSV ratio) was calculated. Results were analyzed as continuous
variables (Bland and Altman plots and Intraclass Correlation Coefficient ICC) and also as categorical data (weighted
Kappa coefficient) for the PSV ratio 1±2.5, 2.5±4, 4.0.
Results: the ICC for the PSVmax, PSV ratio and EDV indicated `` almost perfect'' agreement for all three parameters.
However, the Bland and Altman plots showed impressive interobserver variation for the higher values of all three
parameters. For the PSV ratio categories a weighted kappa of 0.31 was calculated, indicating only fair agreement.
Substantial variation was found for the categories with PSV ratios 2.5±4.0 and 4.0.
Conclusion: though performing accurately for the lower values of the assessed parameters, duplex scanning shows
considerable interobserver variation for the clinically significant higher values. Particularly in the PSV ratio interval
2.5±4.0, most relevant for clinical decision-making, the interobserver variability is unacceptable.
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Introduction
Surveillance programs with duplex scanning are
recommended to detect asymptomatic stenosis in
infrainguinal bypass grafts. Especially in the first post-
operative year the graft is at risk for occlusion because
a stenosis might develop as a result of technical short-
comings or intimal hyperplasia.1±4 Some studies show
that early detection of a stenosis with subsequent
intervention, might improve the primary and second-
ary patency.5±8 The peak systolic velocity ratio (PSV
ratio) is an important diagnostic parameter to assess
the severity of a stenosis, the absolute peak systolic
velocity (PSVmax) and end diastolic velocity (EDV)
might give additional information.9
Over the past years duplex scanning has been vali-
dated against angiography in several studies and
recommendations for follow-up and intervention
were formulated. The optimal cut-off values on
which a decision has to be made for the choice of
intervention or follow-up with or without interven-
tion varies in different studies.4,10,11 The current
tendency is to treat severe stenosis and carefully fol-
low moderate lesions without intervention.
In order to achieve adequate clinical decision mak-
ing, diagnostic tests should be accurate and not
subject to considerable interobserver variation. Inter-
observer variation might result in wrong classification
and inadequate follow-up.11 Little is known about
interobserver variation of duplex scanning of periph-
eral bypasses. The present study was undertaken to
determine the degree of interobserver variation of
color-flow duplex scanning of infrainguinal bypass
grafts and to improve interpretation of duplex derived
diagnostic parameters.
Methods
Between February and May 2000 all consecutive
patients who visited our vascular laboratory for
duplex scanning of a peripheral bypass graft were
eligible. Diagnostic requests were either for routine
follow-up or because of symptoms.
Duplex scanning was performed with a Hewlett
Packard Sonos 2000 color-flow duplex scanner
(Hewlett Packard, Andover, MA, U.S.A.). Two equally
experienced technologists (observers) could adjust the
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machinery settings freely and were able to use linear
array transducers of 4.5, 5, 5.5 or 7.5 MHz. All mea-
surements were performed at a 60 angle. Both obser-
vers examined each patient in random order and were
blinded for the results of each other's measurements.
The patients were asked not to inform the second
observer about the findings of the first observer.
Measuring tape and gel were removed between the
investigations and the machine was reset. After the
first observer had left the room, the second observer
performed the same measurements. Whatever
the findings of the second observer, the values of the
first observer were used for further clinical evaluation.
During the investigation the patient was in the
supine or lateral decubitus position. Initially the
bypass was visualized with B-mode. Then the bypass
was carefully examined with color-coded duplex
scanning. Areas with a high blood velocity, repre-
sented by a color shift on the computer screen, were
suspect of diameter reduction. The technologists care-
fully examined the bypass entirely from proximal to
distal anastomosis, sampling multiple peak and end-
diastolic velocities.
The bypass graft was measured from the proximal
to the distal anastomosis with a measuring tape. Due
to the necessity for uniformly-defined measuring loca-
tions in this interobserver study and the fact that a
bypass graft lacks uniform anatomical boundaries, for
each patient five segments were defined for further
analysis. The total length of the bypass graft was
divided into three segments of equal length and spe-
cial attention was given to the proximal and distal
anastomosis.
The following parameters were assessed or calcu-
lated by each individual observer for each individual
location: The highest Peak Systolic Velocity (PSVmax)
of the blood flow, the highest Peak Systolic Velocity
ratio (PSV ratio) and the highest End Diastolic Velocity
(EDV) in the segment or at the site of the anastomosis.
The PSV ratio was defined as the highest peak systolic
velocity in the segment divided by the lowest peak
systolic velocity in the segment. To calculate a ratio at
the proximal anastomosis the PSV at the site of the
proximal anastomosis was divided by the PSV in
the nearest normal segment in the bypass distally to
the anastomosis. The PSV at the site of the distal
anastomosis was divided by the PSV in the nearest
normal segment in the bypass, proximal to the distal
anastomosis. In case an observer was not able to
adequately sample representative Doppler signals,
the velocity measurements were reported as missing.
The medical ethics committee approved the study
and written informed consent was obtained from all
patients.
Statistics
The PSV ratio, PSVmax and EDV measurements were
compared as continuous variables and the variability
was judged by the calculation of the intraclass correla-
tion coefficient (ICC) and by presentation in a scatter
plot as described by Bland and Altman.12,13 (two-way
mixed, random effect model, measuring absolute
agreement) The scatter plot shows the difference
between the two measurements by each observer on
the vertical axis, against their mean (standard) on the
horizontal axis. Vertical spread correlates with the
degree of interobserver variation for the specific
value of the assessed parameter. A scatter plot was
made with every individual PSVmax, PSV ratio and
EDV. To predict the possible range of differences for
a given measurement, 95% limits of agreement are
calculated as 1.96 the standard deviation of the mean
difference. To asses systemic bias of the measured
variable the mean difference of the average is used
and in case of systemic bias the mean difference 95%
confidence interval will not include zero.
For the categorical analysis of the PSV ratio cross
tabulations were made with calculation of a weighted
kappa (k) coefficient.14 The PSV ratios were divided
into three categories based on the study of Idu et al.
and frequently used in clinical practice: 1±2.5, 2.5±
4.0, 4.0.11
As described by Fleiss et al. the ICC is a mathemat-
ical analogue of k.15 Therefore we can also use the
guidelines for interpretation of the k value for the
interpretation of the ICC. All possible outcomes
can be fitted in the following interpretation: `` poor''
(ÿ1±0), `` slight'' (0±0.20), `` fair'' (0.21±0.40), `` moder-
ate'' (0.41±0.60), `` good'' (0.61±0.80), and `` almost per-
fect'' (0.81±1.00).16 SPSS 9.0 was used for the statistical
analysis.
Results
Thirty-seven patients were eligible, five patients did
not consent to participate. Each technologist investi-
gated a total of 160 segments in 32 patients. In all cases
a linear array transducer was used. Of 29 patients data
was obtained concerning the type of transducer used.
In 25 cases (86%) both technologists used exactly the
same transducers, in the remaining four cases (14%)
there was only a difference in frequency. The patients
had a mean age of 70 years. Twenty-four patients were
asymptomatic, eight patients had symptoms of clau-
dication or rest pain. The total group consisted of 15
femoropopliteal bypasses, 16 femorocrural and one
iliacopopliteal bypass. Twenty-five bypasses were of
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the venous type (reversed as well as insitu bypasses),
seven bypasses of PTFE.
Median, range and number of segments analysed
for each parameter are shown in Table 1. Continuous
analysis using the ICC showed `` almost perfect'' agree-
ment between both observers for all three parameters
(Table 2). Using more detailed analysis, the Bland and
Altman plots (Figs 1±3) all show a similar pattern of
growing disagreement between both observers with
increasing values. Especially for the PSVmax and PSV
ratio plot, interobserver variation is impressive for
the higher values. Due to the skewed presentation of
the plots, no representative 95% limits of agreement
could be calculated, except for the PSV ratio. These
values were segmented in intervals of 1±2.5,  2.5±4.0,
 4.0 and for each individual category 95% limits of
agreement were calculated. None of the parameters
showed systematic difference (Table 3).
For the categorical analysis, the PSV ratio data is
presented in a cross-tabulation (Table 4). For the
three categories of PSV ratios, the observers agreed
in 128 of 155 (83%) of the segments. The calculated
weighted kappa value was 0.31, indicating only `` fair''
agreement. As can be seen from the cross-tabulation
Table 1. Median, range and number of segments analysed.
Segments Median Range
PSV ratio 155 1.30 1.00±17.05
PSVmax 160 0.84 (m/s) 0.28±6.30 (m/s)
EDV 157 0.00 (m/s) 0.00±1.50 (m/s)
Table 2. Intraclass correlation coefficients and kappa values.
Segments ICC 95% CI ICC Weighted Kappa
PSV ratio 155 0.90 0.86±0.93 0.31
PSVmax 160 0.90 0.87±0.93
EDV 157 0.88 0.84±0.91
ICC: Intraclass Correlation Coefficient. 95% CI ICC: 95% Confidence
Interval of the Intraclass Correlation Coefficient.
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Fig. 1. Interobserver variability of PSVmax measurements by obser-
vers 1 and 2 according to Bland and Altman. The mean difference
line is drawn in the plot. Difference between two PSVmax measure-
ments from both observers is denoted on the vertical axis, the mean
of two PSVmax registrations on the horizontal axis.
Fig. 2. Interobserver variability of PSV ratio measurements by
observers 1 and 2 according to Bland and Altman. 95% limits of
agreement and mean difference lines are drawn in plot. Difference
between two PSV ratio measurements from both observers is
denoted on the vertical axis, the mean of two PSV ratio registrations
on the horizontal axis. Due to the limitation of the horizontal axis for
visual purposes, only one point is shown in the  4.0 interval.
Bland and Altman plot EDV
standard of EDV (m/s)
,8,6,4,20,0
di
ffe
re
n
ce
: 
ED
V1
-
ED
V2
 
(m
/s
)
,6
,4
,2
-,0
-,2
-,4
-,6
Fig. 3. Interobserver variability of EDV measurements by observers
1 and 2 according to Bland and Altman. The mean difference line is
drawn in the plot. Difference between two EDV measurements from
both observers is denoted on the vertical axis, the mean of two EDV
registrations on the horizontal axis.
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disagreement is especially prominent in the  2.5±
54.0 interval. Most of the PSV ratio calculations in
this category are differently interpreted by the second
investigator.
Discussion
Our study shows considerable interobserver variation
for the higher values of PSV ratio, PSVmax and EDV,
when assessed according to the Bland and Altman
plots. In contrast the ICC for the PSV ratio, as well as
for the PSVmax and EDV shows `` almost perfect'' inter-
observer agreement for the entire group. This high
ICC can be explained by the large number of segments
with normal to slightly elevated blood flow velocities.
The weighted k value of 0.31 is disappointing and is a
result of the high interobserver variation for the values
in the categories 2.5±54.0 and 4.0.
In our study we did not aim to analyse all variables
concerned in maintaining adequate duplex surveil-
lance programs. For this purpose patient numbers
were to small and no assessment was made of fol-
low-up policy and possible interaction with inter-
observer variation. We also realize that by analyzing
160 segments instead of 32 patients we on one hand
increased statistical reliability, but on the other hand
might skew the results. For this purpose a cross tabu-
lation was added (Table 4). Concerning duplex scan
performance patient, equipment and technologist
related factors determine the final result and interpreta-
tion of a diagnostic test. We have no reason to assume
that the patient is a source for considerable variation.
Theoretically the cardiac output might change
between the two investigations which could have
changed the PSV and EDV. The variation in PSV ratio
cannot be explained by changes in cardiac output as ±
for physical reasons ± the PSV ratio is a flow inde-
pendent parameter. To minimize the effect of the
equipment and technique, measurements were per-
formed at a constant angle of 60 and both technolo-
gists used the same duplex scanner. In our opinion,
using a fixed Doppler angle reduces interobserver
variation, when used in well controlled situations.
We realize that this is not day to day practice in all
clinics and so liberal variations can be an additional
source of interobserver variation. Transducer type did
not seem to contribute to the interobserver variation as
in most cases both technologists used the same trans-
ducer. However, despite the use of the same duplex
scanner it is known that equipment related factors can
contribute to the variation.17 Even so, most of the
variation is probably technologist related. Among
some other arguments positioning of the sample vol-
ume and further settings of the duplex scanner may
account for most of the variation. We found no sys-
tematic difference between the technologists as is
shown by the calculation of the mean difference,
which was closely related to zero for all the param-
eters. This indicates no difference in the overall per-
formance between both technologists. We realize that
we assessed two types of bypasses (venous and
PTFE), which differ in hemodynamic properties and
risk profile of graft failure. We argue that, though
important for duplex surveillance protocols, these dif-
ferences subside when comparing the measurements
of two technologists assessing the same bypass.
Furthermore, additional analysis showed that PTFE
values were well within the difference limits. There
is no reason to assume that the results of the PTFE
bypasses were significantly different from the results
of the venous bypasses.
The PSV ratio is the most widely used diagnostic
parameter to grade stenosis. Idu et al. proposed an
algorithm for clinical application based on PSV ratio
cut off levels of 2.5 and 4.0. They showed that a PSV
ratio 52.5 had a high predictive value for the absence
of stenosis and that a PSV ratio of  4.0 had a high
predictive value for the existence of a severe stenosis.
They also showed that PSV ratios in the range of  2.5
and 54.0 had impaired predictive values, which was
an indication to advise diagnostic angiography to
improve the accuracy. This impaired predictive value
possibly reflects the inaccuracy of duplex scanning to
assess the severity of stenosis. We like to illustrate the
effect of interobserver variation and consequences
for clinical decision-making by an example from the
Table 4. Crosstabulation PSV-ratio
Count Observer 2 Total
PSV ratio
52.5
PSV ratio
2.5 and 54
PSV ratio
4
Observer 1 PSV ratio
52.5
125 10 1 136
PSV ratio
2.5
and54
10 1 2 13
PSV ratio
4
2 2 2 6
Total 137 13 5 155
Table 3. Analysis of systematic difference.
Mean difference 95% CI (1.96 SE) Systematic difference
PSV ratio ÿ0.11 ÿ0.27±0.05 no
PSVmax 0.07 (m/s) ÿ0.02±0.15 (m/s) no
EDV ÿ0.00 (m/s) ÿ0.02±0.02 (m/s) no
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literature. Roth et al. suggests graft revision if the PSV
and PSV ratio exceeds 3.0 m/s and 3.5 respectively.9
When interpreting these values, using our Bland and
Altman plots, the PSVmax plot shows a maximum
difference of 1.6 m/s and the PSV ratio plot shows a
maximum difference of 4.7. This means that the obser-
vers could have measured values of 2.20 ±3.80 m/s
(3.0 m/s+ 1.6/2) for the PSVmax and 1.15±5.85
(3.5+ 4.7/2) for the PSV ratio of this patient. A
PSVmax of 2.20 m/s and/or a PSV ratio of 1.15 would
describe a group of patients not eligible for any form
of direct intervention, where a PSV of 3.80 m/s and
a PSV ratio of 5.85 would indicate immediate inter-
vention. Only one other study addressed the problem
of interobserver variation in duplex scanning for vein
grafts.18 Though our results concur (showing a similar
skewed presentation of their Bland and Altman plots),
we do not support their conclusion that duplex scan-
ning shows acceptable interobserver agreement.
Difference in skill and machinery may have given
additional bias.
Two ways might improve the reliability of duplex
scanning and improve clinical decision making, par-
ticularly for patients with stenosis in the intermediate
group. One way is to perform additional angiography
which might boost reliability, the alternative way is an
extra duplex examination of the detected stenosis by a
second observer. By averaging the PSVratios one could
obtain a value that is closer to the truth. In our labora-
tory we prefer investigation by a second observer.
In conclusion, our study shows considerable inter-
observer variation for the higher values of duplex
derived diagnostic parameters. This should be taken
into account if decisions are to be made concerning
intervention and follow-up, especially if the
test outcome is in the vicinity of a clinically relevant
cut-off value.
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